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COMPLETE SPECIFICATION 
Guanidinoarylcarboxylic Acids and their Halides 



We, Merck & Co. Inc.., a body corpor- 
ate duly organised and existing under the 
laws of the State of New Jersey, United 
States of America, of Rahway, New Jersey, 
5 United States of America, do hereby de- 
clare the invention for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, 
to be particularly described in and by the 
10 following statement: — 

The present invention is concerned with 
certain novel guanidino-substituted organic 
acids and their halides. These compounds 
are useful as acylating agents in the pre- 
15 paration of novel acylated penicillin com- 
pounds which are claimed in the specifica- 
tion of our copending application No. 24287/ 
64 Serial No. 1058383. 

The compounds provided by this inven- 
20 tion have the general formula R.CO.X, where 
X is a halogen atom or a hydroxy radical 
and R is a guanidinoaryl, guanidinomethyl- 
aryl, guanidinoaralkyL, guanidinoaryicxyalkyl, 
guanidinomethylaralkyl, guanidinomethylaryl- 
25 oxyalkyl, guanidinoarylisoxazolyl or guanidino- 
methylarylisoxazolyl radical. 

In accordance with the present invention, 
these compounds are prepared by a method 
as set forth below from the appropriate 
amino acid by replacing the amino group 
with a guanidino substituent, and recover- 
ing the resulting guanidino-substituted car- 
boxyiic acid from the reaction mixture. The 
acid will in general be recovered initially 
35 in the dorm of an acid-addition salt, but 
this can be converted to the free guanidino 
acid by suitable adjustment of the pH. The 
corresponding acid halide is prepared by 
reaction of the thus-obtained guanidinocar- 
boxylic acid with a halogenating agent of 
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a type known to be capable of converting a 
carboxylic acid to an acid halide i.e. a halo- 
genating agent which is in use or whose use 
is described in the literature for that pur- 
pose. Thionyl chloride in the presence of 45 
a teritary amine is a suitable halogenating 
agent. 

In accordance with the invention, the guani- 
dino-substituted carboxylic acid may be pre- 
pared from the corresponding amino-substi- 50 
tuted carboxylic acid by contacting the selec- 
ted amino acid with S-methylisothionitrourea 
to yield as an intermediate product the cor- 
responding nitroguanidinocarboxylic acid, 
which is then converted by catalytic hydro- 55 
genation to the desired guanidino-substituted 
carboxylic acid. The guanidino-substituted 
carboxylic acid prepared in this manner may 
be converted to the corresponding acid chlor- 
ide, e.g., by reaction with thionyl chloride. 60 

In accordance with a preferred method of 
preparing guanidinoarylcarboxylic acids, 
guanidinoaralkylcarboxyHc acids, and guani- 
dinoisoxazolyl carboxylic acids, the selected 
amino carboxylic acid is intimately contac- 65 
ted with benzoyl cyanamide and the result- 
ing product hydrolysed to the desired guani- 
dinoaryl, guanidinoaralkyl, or guanidinoisoxa- 
zolyl carboxylic acid. Thus, for example, p- 
guanidinobenzoic acid is prepared by inti- 70 
mately contacting p-aminobenzoic acid and 
benzoyl cyanamide followed by hydrolysis 
of the reaction product, 5-methyl-3-(p-guani- 
dinophenyl)-4-isoxazolyl carboxylic acid is 
prepared by the reaction of 5-methyl-3-(p* 75 
aminophenyl)-4-isoxazolyl-carboxylic acid and 
benzoyl cyanamide followed by hydroylsis of 
the reaction product to yield the desired 
guanidino-substituted acid, and p-guanidino- 
phenylacetic acid is prepared by contact- 80 
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ing p-aminophenylacetic acid with benzoyl 
cyanamide followed by hydrolysis of the re- 
sulting reaction product to the desired guani- 
dino acid. 

5 In a preferred method of preparing the 
guanidinomethylarylcarboxylic acids and the 
guamdinomethylaralkylcarboxylic acids, the 
selected aminoethylarylcarboxylic acid or the 
aimnomethylaralkylcarboxylic acid is reacted 

10 with O-methylisourea in alkaline solution 
to produce die corresponding guanidino- 
methylarylcarboxylic acid or guamdinomethyl- 
aralkylcarboxylic acid. Thus, for example, p- 
guanidinomethyl-benzoic acid is prepared by 

15 reaction of ^-aminomethylbenzoic acid and O 
methylisourea in alkaline solution, and p- 
guanidinomethylphenylacetic acid is similarly 
obtained from p^aminomethylphenylacetic 
acid. 

20 In accordance with the above procedures, 
the following novel guanidino-substicuted 
carboxylic adds, the corresponding acid 
halides, and their salts, are readily pre- 
pared from the corresponding amino acids 

25 2-phenyl-4-guanidinobenzoic acid; 4-guani- 
din o-2- ethoxy-1 -naphthoic acid; 2,6-dimeth- 
oxy-4-guanidinobenzoic acid; 2-phenyl-4- 
guanidinomethylbenzoic acid; 4-guanidino- 
methyl-2-ethoxy-l -naphthoic acid; 2,6-di- 

30 methoxy-^guanidinomethylbenzoic acid; 4- 
guanidinophenyl acetic add; 4-guanidinophen- 
oxyacetic acid; 2-(4-guanidkophenoxy)-pro- 
pionic add; 5-methyl-3-(4-guanidinophenyl)- 
4-isoxazolylcarboxylic add; p-guanidino- 

35 phenyl-a-aminoacetic add; 2-(4-guanidino- 
phenoxy)-butyric add; 5-methyl-3-(2-chloro- 
4-guanidmophenyl) -4- isoxazolylcarboxylic 
add; 4-guanidmomethylphenylacetic acid; 4- 
guanidmomethylphenoxyacetic add; 2-(4~ 

40 guanidinomethylphenoxy)-propionic acid; 5- 
memyl-3-(4-^anidinome±ylphenyl) -4- isoxa- 
zolylcarboxylic add; p-guarudinomethyl- 
phenyl -a- arninoacetic add 2-(4-guanidino- . 
methylphenoxy)-butyric add; 5-methyl -3- 

45 (2-chloro -4- guanidinomethylphenyl)-4-isoxa- 
zolylcarboxylic acid. By reaction of an add 
from the ifaregoing list with a halogenating 
agent, e.g., thionyl chloride, there is formed 
the corresponding acid balide or its salt, e.g, 

50 2-phenyl-4-guanidinobenzOyl chloride hydro^ 
chloride. 

The invention is illustrated by the follow- 
ing Examples, in which all percentages are 
by wdght. 

55 Example 1 

p-Guanidinobenzoyl chloride hydrochloride 
A solution of 1.5 g. of p-aminobenzoic 
add and 1.62 g. of benzoyl cyan amide in 
5 ml. of ethanol is evaporated to dryness 

60 at steam bath temperature. An additional 
5 ml. of ethanol is added and the evapora- 
tion repeated in a similar manner. The resi- 
due is stirred for one hour in 5% aqueous 
sodium bicarbonate solution, anp! filtered, To 



•the filtrate is added 4 equivalents of sodium 65 
hydroxide, and the resulting solution main- 
tained at reflux temperature for approxi- 
mately 20 minutes. The solution is then de- 
colorized with activated charcoal and to the 
decolorized filtrate is added an additional 70 
6 equivalents of sodium hydroxide, and main- 
tained at room temperature for approximately 
30 minutes. Addification of the solution with 
gladal acetic add effects crystallization of 
£-guamdinobenzoic add, which is recovered 75 
by filtration and dried. 

A mixture is prepared containing 5 cc. of 
thionyl chloride, 3 drops of pyridine, and 
537 mg. p-guanidinqbenzoic acid. The mix- 
ture is heated and stirred for approximately 80 
1 hour and benzene is added to precipi- 
tate the formed p-guanidinobenzoyl chloride 
hydrochloride. The predpitate is recovered 
by centrifugation and dried under vacuum. 

Example 2 85 
5-Methyl -3- (p-guanidinophenyl) -4- 
isoxazolyl carboxylic add 

To a stirred solution of 50 g. p-nitro- 
benzaldehyde in 500 ml. pyridine is added 
25.3 g. hydroxylamine hydrochloride. The 90 
solution which forms is heated for approxi- 
matdy 1 hour at steam bath temperature. 
To die solution is added 3 volumes of 
water and the solution cooled until the 
product, p-nitrobenzaldoxime, crystallizes 95 
from solution. The crystalline product is 
recovered by filtration and recrystallized from 
an ethanol-water mixture. 

52 g. /^nitrobenzaldoxime is suspended in 
202 ml lof 8.3N aqueous hydrochloric acid 100 
■and the resulting mixture cooled to 0°C. 
Chlorine gas is bubbled through the solu- 
tion for approximatdy 1 hour, whereupon 
crystalline p-nitrobenzaldoxime chloride crys- 
tallizes from solution and is recovered by 105 
filtration. 

To a solution of 18.2 g. sodium methoxide 
in 113 ml. of methanol is added rapidly 44 
g. ethyl acetoacetate. After stirring the solu- 
tion for approximately 10 minutes, it is 110 
cooled to — 25°C. 

A solution of 5.1 g. p-nitrobenzaldoxime 
chloride in 113 ml. methanol is cooled to 
approximatdy 10°C. and added to the pre- 
viously-prepared solution of ethyl acetoacetate 115 
at a rate such that the temperature of the 
reaction mixture is held below 0°C. with 
cooling. The resulting mixture is stirred 
for approximately .18 hours at 25 °C, where- 
upon an orange precipitate of ethyl [5- 120 
methyl -3- (p^nitrophenyl) -4- isoxazolyl] car- 
boxylate predpitates and is recovered by fil- 
tration. The recovered product is washed 
with methanol and water and purified by 
recrystallization from a methanol-ether mix- 125 
ture. 

A solution of 43 g. of ethyl [5-methyl- 
3-(p-nitrophenyl)-4-isoxazolyl] carboxylate in 
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755 ml. of methanol is heated to reflux 
temperature under an atmosphere of nitro- 
gen, andi to it is added -a solution of 167 ml, 
IN aqueous sodium hydroxide, and the tem- 

5 perature maintained at reflux for approxi- 
mately 1£ hours. The solution is then cooled 
to 25 °C, 20 ml. of concentrated glacial acetic 
acid is added, and the solution is concentrated 
in vacuo until the product precipitates. Water 

10 is added to the reaction mixture to com- 
plete precipitation of the product which is 
recovered from solution by filtration, washed 
and dried. Recrystallization (from ethanol 
gives substantially pure 5^methyl -3- (p- 

15 nitrophenyl(-4-isoxazolyl carboxylic acid. 

To 1 g. of 5% rhodium-on-carbon catalyst, 
which is pre-reduced with hydrogen, is added 
a solution of 2.4 g. 5-methyl-3-<p-nitro- 
phenyl>4-isoxazolyl carboxylic acid in 250 

20 mL methanol. The resulting mixture is agi- 
tated continuously and hydrogenated under 
40 pounds hydrogen pressure until hydrogena- 
tion appears to be substantially complete. 
The catalyst is removed from the solution 

25 by filtration and the solvent removed by 
concentration in vacuo, leaving the product 
as a residue. The residue is dissolved in 
ether and triturated with methanol. Fur- 
ther purification by extraction with ethyl ace- 

30 tate and removal of the solvent yields sub- 
stantially pure 5-methyl(p-aminophenyl>4- 
isoxazolylcarboxylic acid. 

973 mg. of 5-methyl-3-(p-aminophenyl)-4- 
isoxazolylcarboxylic acid and 362 mg. of ben- 

35 zoyl cyanamide are mixed in 5 ml. of ethanol 
and the solution evaporated to dryness at 
steam bath temperature. Addition of 5 ml. 
of ethanol to the residue and evaporation 
to dryness are repeated twice. The residue 

40 from the reaction mixture is suspended in 
5% aqueous sodium bicarbonate solution, 
stirred for approximately 1 hour and filtered 
to remove unreacted starting material. To 
the filtrate is added approximately 250 mg. 

45 of sodium hydroxide and the resulting solu- 
tion heated at reflux temperature in an at- 
mosphere of nitrogen for approximately 15 
minutes. The resulting solution is decolorized 
with activated charcoal and subsequently 

50 treated with approximately 750 mg. of sodium 
hydroxide and stirred at 25 °C for approxi- 
mately 30 minutes. The product, 5-methyl-3- 
(j>- guanidinophenyl) -4- isoxazolylcarboxylie 
acid is precipitated by neutralization of the 

55 alkaline solution with glacial acetic acid. The 
precipitated product is recovered by filtration 
and recrystallized from hot water. 

Example 3 
p-Guanidinophenoxyacetic acid hydro- 
6° chloride 

A mixture of 1.4 g. of p-aminophenoxy-- 
acetic acid and an aqueous solution of sodium 
hydroxide containing approximately 10 
milliequivalents of sodium hydroxide, 2 



ml. dimethyl formamide and 1.4 g. 65 
of S-methylisothionitrourca are stirred 
at 60 °C for 1.5 hours. The resulting solu- 
tion is cooled and 10 milliequivalents of 
dilute hydrochloric acid is added to pre- 
cipitate the formed p-nitroguanidinophenoxy- 70 
acetic acid. The product is recovered by 
filtration, air dried and dissolved in aqueous 
sodium hydroxide. The sodium hydroxide 
solution is filtered to remove extraneous 
material and washed with ethvl acetate. Sub- 75 
stantially pure p-nitroguanidinophenoxyacetic 
acid is crystallized from the aqueous solu- 
tion by acidification and cooling. The crys- 
talline material is recovered by filtration and 
dried. m.p. 239 °C. (d). 80 

7.3 g. of p-nitroguanidinophenoxyacetic acid 
is dissolved in 450 ml. of 90% aqueous 
methanol and reduced with hydrogen at 40 
pounds per square inch hydrogen pressure 
in the presence of 4.5 g. of 10% palladium- 85 
on-carbon catalyst until approximately 4 
moles of hydrogen are taken up. The cata- 
lyst is removed from the reaction mixture 
by filtration and washed with methanol. The 
solid catalyst mixture is extracted with boil- 90 
intr water to dissolve the reduced product 
and filtered. The filtrate containing the pro- 
duct is concentrated to a small volume and 
treated with dilute hydrochloric acid to 
produce p-guanidinophenoxyacetic acid hydro- 95 
chloride, which is recovered by evaporating 
the aqueous solution to dryness in vacuo 
m.p. 170°C It can be converted to the 
acid itself by procedures analogous to those 
described in Example 2. 100 

Example 4 
p-Guanidinomethylbenzoic acid hydro- 
chloride 

A solution of 2 g. of p-cyanobenzoic acid 
in 40 ml. of ethanol saturated with ammonia, 105 
and 2 g. Raney nickel catalyst are hydrogena- 
ted at 85 °C under 1500 pounds per square 
inch of hydrogen pressure. The hydrogena- 
tion reaction mixture is filtered to remove 
the catalyst and the product recovered from HO 
the filtrate by acidification with 2.5N HC1, 
whereupon crystalline p-aminomethylbenzoic 
acid precipitates from solution and is re- 
covered by filtration. 

A solution of 1.2 g. of p-aminomethylben- 115 
zoic acid in 16 ml. of water containing 
3.76 ml. of concentrated ammonium hydroxide 
is prepared and mixed with 2.26 g. of O- 
methylisourea hydrochloride. The resulting re- 
action mixture is stirred for about 18 hours 120 
and filtered to remove the precipitated pro- 
duct The product is dissolved in hot aque- 
ous ethanol and reprecipitated by acidifica- 
tion of the solution to pH 2. The resulting 
product, substantially pure p-guanidino- 125 
methylbenzoic acid hydrochloride, is recovered 
by filtration and dried. It can be converted 
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to the acid itself by procedures analogous 
to those described in Example 2. 

Following the procedures described in Ex- 
ample 4, p-cyanqphenylacetic acid is conver- 

5 ted by catalytic hydrogenation to p-amino- 
methylphenylacetic acid which is, in turn, 
reacted with O-methylisourea hydrochloride 
in concentrated ammonium hydroxide to pro- 
duce p-guanidinomethylphenylacetic acid 

10 which is isolated as the hydrochloride, which 
can then, if desired, be converted to the 
acid itself- 

Example 5 
p-Guanidinophenylacetic acid 

15 To a solution of 6.04 g. of p-aminophenyl- 
acetic acid in 50 ml. of water and 15 ml. 
of 2.7N sodium hydroxide is added 5.4 g* 
of finely-ground l-nitro-2-methylisourea. The 
mixture is stirred at room temperature for 

20 16 hours, filtered, and then carefully acidified 
with cooling. The product which crystallizes 
out is recrystallized from water, giving 4.4 g. 
of /^nitroguanidinophenylacetic acid m.p. 
188— 190°C. 

25 1 g. of Raney nickel is added to a hot 
solution of 2.0 g. of p-nitroguanidinophenyl- 
acetic acid in 75 ml. of methanol and the 
mixture is refluxed for 15 minutes. The com- 
bined filtered solution and washings (79 ml.) 

30 is mixed with 1 g. Raney nickel and hydro- 
genated at approximately 40 pounds per 
square inch pressure at 25 °C. Hydrogen ab- 
sorption is complete after three hours. The 
hydrogenation reaction mixture is filtered to 

35 remove the catalyst. The filtrate, containing 
/y-guanidinophenylacetic acid, is evaporated to 
dryness in vacua, and the residue crystallized 
from water. The first crop weighs 550 mg., 
gives a positive Sakaguchi test, and melts 

40 with decomposition at 320— 2°C 

Example 6 
2 3 6-Dimeth oxy-4-guanidinobenzoic 
acid hydrochloride 
A mixture of 11 g of 4-bromo-2,6-di- 

45 methoxy-benzoic acid and 3.7 g. of potassium 
carbonate and 6 ml. of benzyl bromide in 
100 ml. of acetone is heated at the reflux . 
temperature of the mixture for approximately 
20 hours.. The reaction mixture is filtered 

50 and the filtrate containing the product benzyl- 
4-bromo-2,-6-dimethoxybenzoate evaporated 
to remove the acetone solvent, leaving the 
product as an oilv residue. The product is- 
purified by dissolving in 100 ml. ether, wash- 

55 ing with aqueous sodium bicarbonate, and 
removal of the ether and unreacted benzyl 
bromide by concentration under reduced pres- 
sure (100°C at 0.1 mm.) for approximately 
one hour to obtain the product as a resi- 

60 due. 

To a solution of sodium amide prepared 
by the reaction of 1.2 g. sodium and 200 
ml. liquid ammonia is added, with stirring 



11 g. of benzyl-4-bromo-2,6-dimethoxyben- 
zoate, and stirring is continued for approxi- 65 
mately 3i hours. To the reaction mixture 
is added 3.5 g. of ammonium chloride, and 
the ammonia removed by evaporation. The 
residue containing the product benzyl-4- 
amino-2,€-dimethoxybenzoate is extracted 70 
with a mixture of 150 ml. ether and 150 
ml. water, and the undissolved product re- 
covered by filtration. Additional product is 
obtained from the ether extract by back 
extraction with aqueous dilute sulphuric acid. 75 
The aqueous acid extract is then neutralized 
to precipitate additional product. The com- 
bined product is then recrystallized from 
methanol, m.p. 115— 116° C. The N.MR, 
spectrum confirms that the thus-obtained pro- 80 
duct is benzyl 4-amino-2y6-dimethoxybenzo- 
ate. 

A mixture of 574 mg. of benzyl 4-amino- 
2,6-dimethoxj'benzoate and 324 mg. of ben- 
zoyl cyanamide in 5 ml. of ethanol is heated 85 
at steam bath temperature for 30 minutes, 
during which time the ethanol evaporates. 
The residue is diluted with an additional 
5 ml. of ethanol and evaporation and heat- 
ing are continued for an additional \\ hours. 90 
The residual material is then contacted with 
5 ml. ethanol and 0.5 ml. of 11.7N sodium 
hydroxide solution and the resulting mixture 
heated for approximately 45 minutes and 
then allowed to stand at 25 °C. for approxi- 95 
mately 18 hours. The residue thus obtained 
is dissolved in 20 ml. water and the water 
solution of the product washed with 20 ml. 
of ether. The aqueous solution of the pro- 
duct is acidified to about pH 2 and washed 100 
with ether to remove benzoic acid. The aque- 
ous solution is then concentrated to 10 ml. 
and neutralized with aqueous sodium bicar- 
bonate to precipitate 2,6-dimethoxy-4-guani- 
dinobenzoic acid which is recovered by filtra- 105 
tion and washed with water. The product 
thus obtained melts with decomposition at 
about 220°C. 

The product thus obtained is dissolved 
in 1 ml of aqueous hydrochloric acid and 110 
the solution evaporated to dryness to obtain 
as a residue 2,6-dimethoxy-4-guanidinoben- 
zoic acid hydrochloride which is crystallized 
by stirring with acetone and recovered by 
filtration and washed with ether, m.p. dec. 115 
220°C " 

WHAT WE CLAIM IS: — 

1. A 'compound having the general formula 
R. CO.X where X is a halogen atom or a 
hydroxy radical and R is a guanidinoaryl, 120 
guanidinomethylaryl, guanidinoaralkyl, - guani- 
dinoaryloxyalkyl, guanidinomethylaralkyl, 
guanidinomethyiaryloxyalkyl, guanidinoaryl- 
isoxazolyl or . guanidinomethylarylisoxazolyl 
radical. 125. 

2. 5-Methyl-3-(p-guanidinophenyl)-4-isoxa- 
zolylcarboxylic acid. 
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3. p-Guanidinophenoxyacetic acid. 

4. /vGuanidinomethylbenzoic acid. 

5. p-Guanidinomethylphenylacetic acid. 

6. p-Guanidinophenylacetic acid. 

5 7. 2,6-Dimethoxy-4-guanidinobenzoic acid. 

8. Salts of the compounds claimed in 
claims 1 — 7. 

9. A process for preparing a compound 
of formula R— COOH, where R is as de- 

10 fined in claim 1, that comprises contacting 
the corresponding arninoaryl, aminomethylaryl, 
aminoaralkyl, aminoaryloxyalkyl, aminoethyl- 
aralkyl, arninomethylaryloxyalkyl, aminoaryl- 
isoxazolyl or aminomethylarylisoxazolyl car- 

15 boxylic acid with S-methylisothionitrourea 
to yield as an intermediate product the cor- 
responding nitroguanidinocarboxylic acid, and 
catalytically hydrogenating the latter. 

10. A process for preparing a compound of 
20 formula R— ^COOH, where R is a guanidino- 

aryl, guanidinoaralkyl or guanidinoarylisoxa- 
zolyl or guanidinomethylarylisoxazolyl radi- 
cal that comprises intimately contacting the 
corresponding aminoaryl, aminoaralkyl, 
25 aminoarylisoxazolyl or aminomethylarylisoxa- 
zolyl carboxylic acid with benzoyl cyanamide 
and hydrolysing the resulting product. 

11. A process for preparing a compound 



of formula R — COOH, where R is a guani- 
dinomethylaryl or guanidinomethylaralkyl 30 
radical, that comprises reacting the corres- 
ponding aminomethylaryl or aminomethylaral- 
kyl carboxylic acid with O-methylisourea in 
alkaline solution. 

12. A process as claimed in any one of 35 
claims 9 — 11, including the further step of 
reacting the resulting acid with a halogenat- 
ing agent (as hereinbefore defined) of a type 
known to be capable of converting carboxylic 
acids to their halides, to produce a com- 40 
pound of formula R— CO(halogen), where 

R is as defined in claim 1. 

13. A process for preparing a compound 
as claimed in claim 1, substantially as here- 
inbefore described with reference to any one 45 
of the foregoing examples. 

14. A compound as claimed in claim 1, 
when prepared by a process as claimed in 
any one of claims 9 — 13 or by an obvious 
chemical equivalent of such a process. 50 

For the Applicants, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9, Staple Inn, 
London, W.Cl. 
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